Abstract-Simulation of wireless networks has recently drawn considerable attention in the area of abstraction. Simulation is a precious tool used to model complex systems where the desired network size is large in scale. For large mobile ad hoc networks, the most computation intensive tasks in simulation are computing interference and determining which receivers are in range of a transmitter. In both cases, O(N 2 ) physical layer calculations are required for a wireless system of N nodes, which scales poorly. In this paper, a geometric model, minimal rectangular coverage area is devised for the optimization of the complexity of interference computations in simulations of wireless mobile ad hoc networks. This method lessens the number of unaffected nodes by considering less area as affected by transmission range, which exists outside the transmission range of a transmitter. However, the experimental results suggest that this geometric model reduce the affected coverage area 12.5% -78.15% than existing grid based algorithm used in current version of NS2. This paper also discusses about the efficiency considerations of the algorithm in detail.
I. INTRODUCTION
Ongoing research into dynamic, self-organizing, multihop wireless networks, called mobile ad hoc networks (MANET), promises to improve the efficiency and coverage of wireless communication. Such networks have a variety of natural civil and military applications. The use of computer simulations to study complex systems has grown significantly over the past several decades. Network simulation software enables us to predict behavior of a large-scale and complex network system. Network Simulator 2 (NS2) is widely used network simulator.
The fundamental problem with NS2 is to obtain a result with reasonable runtime for the simulation of large mobile ad hoc scenarios (1000s or more mobile nodes, comprising approximately 1 − 10 km 2 of area). In such a simulator the most computation intensive part is the interference computation, since a system with N pairs of transmitters and receivers requires O(N 2 ) pair wise interactions computations. There are several proposals to improve the O(N 2 ) computations necessary to calculate the inter-nodal interference in wireless networks.
In this paper the simulation area is divided into cells. The search space to compute the inter-nodal interference power is effectively reduced to a geographic subset of the simulation area as opposed to considering all nodes. The experimental results and comparative analysis will show that it is correct and efficient; the proposed model is capable of reducing the number of considerable nodes as affected by transmission in a significant amount, compared to the existing technique. The experiment is conducted for densely populated regions, as represented by the large geographic area and large number of nodes, network performance can be increased noticeably through the proposed algorithm based on the concept of minimal rectangular area selection. This paper also describes the ideas to measure criteria upon which the maximum size of the block could be determined as well as the validation of these changes. Due to these modifications, noticeable improvement in interference computations to simulate large mobile ad hoc networks is realized in this paper. This improvement will allow faster simulation for very large scale scenarios than the preceding modified simulator presented in [1] .
In section II previous approaches to simulate large networks are discussed. Section III contains the overview of simulation coverage area, section IV proposes a new minimal rectangle approach to optimize affected simulation area for large network simulation followed by results and performance analysis in section V. Some issues in determining block size for the simulation area with efficiency directed statistical considerations are discussed in section VI and VII gives validation proof. This paper concludes in section VIII introducing idea for future research.
II. BACKGROUND STUDY
In a particular performance comparison study [3] , the authors used NS2 simulator and the fact comes out that, wireless routing protocol DSR delivers 5-50% fewer packets than AODV depending on the traffic load. The authors have complained that NS2 is too slow to cover any larger scenario. In research [6] , [2] on performance comparison of different ad hoc protocols on discrete issues, the simulation of larger network (with several hundreds to thousands of nodes) was not physically feasible even with the fastest Intel PC. Perrone and Nicol [5] considered the computation of transmission power levels and the SNR (Signal to Noise Ratio). They showed that techniques devised for the simulation of systems of self-gravitating bodies (N-body problem) can be successfully applied to reduce the complexity of interference computations in simulations of wireless systems. Their research covered the area of cellular networking, where there is a base station. Naoumov and Gross [1] used the limited interference computation (LIC) based algorithm to improve the performance of NS2 simulator. They directly worked with the ad hoc network and basically proposed two modification of node organization (grid based and list based node organization). Though, their proposed algorithm for the grid based node organization can perform well enough for a several number of cases, but this sort of node organization does not produce suitable result while the CST induced radius is more than or about equal to half of the width of the simulation area.
In the proposed algorithm, the both of the grid and list based node organizations are integrated to a unified node arrangement model where the node organization will reduce the time required for all cases and with all possible variations in CST value. We present simulation results and performance analysis supporting the proposed algorithm.
III. MODELING AND SIMULATION OVERVIEW
The system model can be extended with coverage areas, in order to reduce the transmission-detection overhead and to model much more complex propagation models, depending on the modeling and simulation requirements. Transmission coverage area definition can be directly associated with every transmitter, but the area size and shape is relative to the receiver thresholds. A modeling choice to define if a transmission can be detected by a tagged receiver is to define a receiving threshold (RT) and a carrier-sense threshold (CST) for every device For ease of management, the area-size definition would require the assumption of common threshold levels (i.e., common CST and RT values) for every MH in the system. NS2 uses the simple Free Space Propagation Model to simulate MANET protocols. Circular coverage areas can be defined for open-space propagation models, and are a simple common choice for MANET modeling and simulation purposes. In figure 1 , the circle radius, centered on the transmitter position, can be made proportional to the transmission power in an adaptive way. A modeling choice to define if a transmission can be detected by a tagged receiver is to define a receiving threshold (R1) and a carrier-sense threshold (R2) for every device [4] . For every simulated transmission, this requires evaluation, for each receiver, if the receiving power perceived for the ongoing transmission is sufficient for reception (i.e., greater than RT), if it is sufficient for detection and carrier sensing (i.e., greater than CST), or if it is simple interference.
The transmission (coverage) area of a wireless transmitter is the area where the transmitted wireless signal propagates and can be correctly detected and decoded (i.e., transmission is possible with few/no errors due to interference). The interference area of a wireless transmission device is defined as the area where the transmitted wireless signal propagates, without being detected or decoded by any receiver, adding interference and noise to any possible ongoing transmission for intended receivers. Transmission areas are included in detection areas, and detection areas are included in interference areas, given the propagation properties of wireless signals in open spaces. The detection area of a wireless transmission device is the area where the signal propagates, and where it can be detected by a carrier sensing mechanism, without being necessarily decoded (i.e., CST ≤ Received Signal Power ≤ RT). Circular coverage areas can be defined for open-space propagation models, and centered on the transmitter position.
IV. ALGORITHM
The ultimate target of the proposed system is to reduce the number of nodes from the boundary region of the transmission coverage area. In this purpose, the minimal rectangular coverage area is introduced. This will consider only those nodes inside the minimal rectangular coverage area.
A. System Architecture
The entire simulation area is composed of cells of same size defined as a two dimensional area. Each node inside a cell is kept in a sorted list using bucket sort and in the sequence of Y and X coordinates. Each cell contains a set of references/pointers to the nodes in the node-list. The references of those cells inside each block is sorted depending on the X co-ordinate and then Y co-ordinate value. When a node moves around, the position of the node is calculated and the node list of that block/cell is sorted again.
The process of selecting such nodes is quite straight forward. When the transmitter transmits a signal, the system first detects all the blocks/cells those are intersected or covered by the transmission range circle. Nodes within partially covered cells are selected using minimal rectangle. As the node list is already sorted, those nodes can be found easily. For a two dimensional scenario, first consider the nodes with X co-ordinate is within the range of the radius of the circle; then in that previously selected set, the nodes with Y co-ordinate within the range of the radius of the circle is selected. These are the nodes within the minimal rectangular area.
B. System Operation
Usually a simulator tries to locate the nodes that are going to be affected by the current transmission of signal. Every time any node tries to transmit a signal, the proposed system must actively supply the nodes that are going to be tested for the transmission. In this respect the system can be divided into three functional units:
B.1 Block Initialization
When the simulation environment is setting up, the virtual cells should be created and the references/pointers of the nodes are mapped to the cells, in which it is situated considering its location value. Here is the Block Initialization Algorithm:
1.
MEASURE height, width of transmission_area 2.
SET block_width := AVERAGE (R) 3.
SET num_of_blocks_per_row := CEILING (width / block_width) 4.
SET num_of_blocks_per_column := CEILING (height / block_width) 5.
SET 
B.2 Node Selection
The node selection process assumes that all the nodes are already mapped to the corresponding cells. With this assumption, the proposed system first identifies the Super Set, then those cells are selected that has its maximum area inside the circle, name this Covered Set. Add all the nodes inside the Covered Set to the output list. There are still a few cells that are partially covered. Determining Minimal Rectangle for these partially covered cells include only those nodes that are inside the Rectangle.
Determining Super Set:
If any cell has any point within the region defined by [(X ± radius), (Y ± radius)], then the cell is included in the Super Set.
Determining Covered Set: If the distance of the center of the cell with the center of the circle is less than the length of the radius, then the cell will be included in the Covered Set.
Determining Minimal Rectangle: According to this algorithm, the maximum X or Y coordinate values between intersecting points of circle boundary and cell (X max or Y max ) are determined to construct the rectangle with the nearest point of a cell. It requires some simple geometric calculations. Suppose transmitter's position is the center (X node , Y node ) of circle and X & Y axes are drawn considering the center as origin.
If the center of the cell is between the 0º -45º arc of the transmission circle it is quite obvious from the figure that the cell intersects the circle either on the top & bottom side of its boundary or on the left & bottom sides of its boundary. For determining whether the center of cell (x, y) is inside the 45º arc, it suffices to check whether its Y co-ordinate is less than Y coordinate value of center(Y node ) + R/√2 or not. The X co-ordinate of intersection point that is on the bottom side of the cell is more distant than the other one (shown in figure 2 ). For a minimal rectangle for this case, we will consider the X co-ordinate (X max ) of the intersection point of the bottom side. As the circle intersects both the top and bottom side of the cell the starting X co-ordinate to select area will be the left most X co-ordinate value of the cell and the ending X co-ordinate is X max . On the other case, while the circle intersects the cell on the left and bottom side, the starting X and Y co-ordinate values of rectangle will be the same as above. But the ending X and Y co-ordinate will be the Y co-ordinate of the intersection point of the left side and the X coordinate of the intersection point of the bottom side shown in figure 2 . If the angle is between 45º and 90º, the maximum value of Y is the intersection point with the left side of the cell; this 0º -90º segment (first Quadrant) can be mirrored horizontally or vertically to devise the calculation for Minimal Rectangle. Here 8 symmetric cases are considered shown in figure 3 and corresponding decisions are summarized in table I. Finally selected area using algorithm is shown in figure 4 with detail explanation. The following algorithm decides which side of the partially covered rectangle is intersected by the circle: 
B.3 Node Mapping
Whenever a mobile node moves, its location is checked whether it has crossed the boundary of a cell and entered to the other cell. If the node has moved to another cell, the entry of its pointer is deleted from the old cell and added to the new cell.
Node movement is managed through the following algorithm: 
V. RESULTS AND PERFORMANCE ANALYSIS
The simulation was conducted in both small-scale (1 nodes) and large-scale (1000-10000 nodes) networ satisfying different conditions (e.g. variation in number of nodes, size of the simulation area, size of the unit bloc Random distribution of nodes inside the simulation area was ensured and all the test case results were aggregates of over hundred occurrences of simulation. Th Simulation was done in a PC (Intel Core TM 2 Duo processor at 2.00 GHz, 2 GB DDR2 RAM) usin custom simulator for both cases (existing Grid base Node organization & our proposed algorithm). The implementation procedure is shown in figure 5 . Figure 6 shows the success rate of the affected nodes as a function of the total number of nodes for the fixed area (4000m X 5000m) with varying number of nodes using both of the existing and proposed algorithms. Figure 7 shows the average number of affected nodes for the nodes 1000. Here results have been reported for small area, medium area and also for large area (10 km X 8 km). Figure 8 illustrates the results with varied block size for the total number of nodes 1000 and area 2 km X 1 km.
The results showed the behavior of the proposed grid list based algorithm for faster simulation under different conditions, assuming random distribution of nodes in the simulation region as well as with varied number of nodes, area size and varying block size. From various results it is clear that when network area is heavily loaded with huge number of nodes this proposed algorithm gives much better result with reduced number of affected nodes.
From figure 9 , it is clear that difference between selected nodes increases as the total number of nodes increases. This increment is not static, proportional to th increase of to m w show a great networks w fixed block size and the total number of e ill tal number nodes. So this algorith impact for large mobile ad hoc ith large number of nodes. This is an important point for the proposed algorithm. 
VI. EFFICIENCY CONSIDERATIONS OF THE ALGORITHM
Since radio signals decay exponentially with increasing distance between transmitter and receiver, after some distance from the sender, no receiver is further affected by the tra e ofcou se depends on the carrier sense threshold. Exploiting this fact, we report that block size in the simulation area depends on carrier sense threshold R 2 .
So far, in this research paper it is shown that, the number of considerable nodes reduced due to using the minimal rectangle approach for partially covered blocks in the boundary region of the transmission area. Depending on the size of total simulation area, the number of mobile nodes, and the maximum transmission power, the algorithm chooses the appropriate division of the topography into blocks (the number of cells per X and Y side). Further analysis and experiments were made to discover the criteria for the size of the blocks in the simulation environment. Naoumov and Gross proposed the optimal block size as R 2 /2, where R 2 is the radius of ma [1 2 a smaller number of mobil s resides in the affected bl wi nsmitter's signal. This distanc r ximum transmission region available in that networ ]. If blocks are noticeably smaller than R /2 then e node k ocks but outside the area that is covered by the circle th radius R 2 . On the other hand, the more blocks we have, the more computation is involved to determine the set of nodes affected by the current transmission session (Figure 13 ), since for each block and every mobile node on a network the algorithm must check whether a node belongs to a given block or not.
Again, different transmitters may hold different R 2 values and there may be extreme cases. Let maximum value of R 2 is R max and minimum value is R min and average of all R 2 values of all transmitters is R avg . Most of the transmitters may hold R 2 values close to minimum value and average R 2 << R max and vice versa. Due to these situations three specific cases has been considered for determining the safe range of block size which will perform optimally using our algorithm.
Case 1: Uniformly distributed R2
In Figure 10 , the simulation environment comprises of 20000 nodes evenly scattered nodes. For the same distribution of node positions, the block size was gradually increased and the number of considerable nodes was plotted against the increasing size of the block. The pattern of the line shows that if the block size is increased past 2R max , [where R max is the radius of maximum transmission region], the number of considerable nodes [as output of the algorithm] increases and as a result the number of false positive nodes (not in transmission range but considered by algorithm) increases drastically. So from this pattern of the graph, we can come to a decision that, increasing the block size past 2R max will reduce the efficiency of the algorithm.
Observing this result, we can assume that the number of false positive nodes is increased if the block size is larger than 2R max ; but, if the block size is less than 2R max the increment in block size has almost no impacts on the output. In the next case, we are having most of the nodes with smaller transmission range, i.e. R avg << R max . Now, completing the previous experiment with this environment condition we obtain the graph in Figure 11 . Here we can find that if the block size exceeds R avg the number of false positive nodes starts increasing and when the block size exceeds 2 R avg , the number of false positive nodes increases drastically.
Case 3: Most R 2 values lie above average R 2
In the next case, we are having most of the nodes with larger transmission range, i.e. R avg >> R min . Moreover, the experiment is conducted with increasing the block size with the multiple of R min . The graph in Figure 12 , obtained from this experiment, shows that the output is quite steady in between the ranges from R min to R avg .
So, considering all these three cases we can come to a decision that, the size of the block should be any value, between R min and R avg . With this block size we can achieve the optimal performance of our simulator. There exist other cases when these changes do not improve performance, e.g., when all nodes are located in some small region of the simulation area, or when the density of nodes is very low so there is no interaction between the nodes. However, we sp late that the first situation does not occur frequ tly in a simulation, and really sparse ad hoc networks hibit other problems. Figure 13 shows that the proposed algorithm reduces the area that exists outside of the transmission coverage of a transmitter and reduce ber of nodes that are unaffected by the transmitter; therefore selects lower number of nodes than exi ng algorithm assuming random distribution of nodes e simulation region. In the existing Grid Based e Organization, the total area of coverage for prima ode filtering is between (2R 2 ) 2 and (2(R 2 + l)) 2 , wher the lengt of one side of a cell/block. But in this proposed Node organization, the considered area is close to the area of the circle of the it is lear that minimal rectangle area is less than the existing grid based algorithm and here an approximate value 3.5 unit is subtracted from the previous area. ation of coverage area with affected nodes using ithm and Proposed Algorithm (a) larger block size select more nodes beyond transmission range but less bookkeeping overhead (b) smaller block size select fewer nodes but higher bookkeeping overhead since more blocks must be checked According to the algorithm a significant amount of calculation time is reduced although the simulation area is noticeably larger and the number of randomly distributed mobile nodes is large enough. A is the size of Proposed Algorithm Figure 13 . Visual Illustr existing Grid based algor the simulation area, R 2 is the radius corresponding to CST, l is the side of a cell and where 2 · R 2 /l is the number of cells per side of the affected square area; so at most 4(2R 2 /l) small blocks need to be considered during the 'partial block' calculation. Suppose there are n nodes and calculating the distance using equation sqrt[(x-x 1 ) 2 + (y-y 1 ) 2 ] requires 3 addition/subtraction, 2 square and one square-root operation. So, at lest total 9 [3 + (2*2) + (1*2)] units of computations are required. But our algorithm uses 16 comparisons to calculate affected area only for each of 4(2R 2 /l) blocks on boundary of circle, that is, at most 16 units of work. That means, the calculation required for determining area is almost twice than calculating the distance of a node. But the number of nodes n >>> 4(2R 2 /l) according to our proposal. So the computational complexity for calculating the affected area is negligible than that for calculating the distance of n nodes.
VII. VALIDATION AND COMPUTATIONAL COMPLEXITY

VII. CONCLUSION AND FUTURE WORKS
The intended purpose of this work is two-fold: first, is reducing the number of considerable nodes for wireless signal transmission in a standard simulation environment for mobile ad hoc networks. The core concept behind this effort is to determine the minimal possible area under the transmission range in an efficient manner and find the affected nodes for further transmission. The reduced coverage area thus results in reduced interference computations. Second, evaluate efficiency of the algorithm considering special cases. The theoretic proof and the implementation result show the decrease in the coverage area under consideration and at the same time the number of considerable nodes is reduced, comparatively in a better proportion. Reducing the number of considerable nodes reduces the execution time of the simulation of the entire network. For reducing the and sort strategy could be dop cell would be sorted only if sorting overhead an on-dem a ere the nodes of a ted, wh it is on the boundary of the transmission region and not already sorted.
